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摘要 
海湾生态系统是一种重要海洋生态系统类型，通常具有独特的生态环境和高
价值的各类资源。同时，其优越的自然条件、区位条件以及多样、丰富的资源，
促使海湾周边城市社会经济发展快速，人口密度增大。但是，海湾作为半封闭海
域，海水交换能力与自净能力有限，易受径流沉降与陆源污染物输入的影响，其
生态环境较为脆弱。因此，亟需基于高效、准确的海洋环境监测评价以实施环境
监督管理的措施。目前，我国海洋环境监测工作普遍存在监测目的不明确、环境
信息不完整以及监测计划针对性弱等问题，导致现已开展的海洋环境监测与评价
无法衔接，已有的监测数据无法很好地反映海洋环境现状，从而无法满足服务于
各级政府与公众社会的需求，决策者无法从实际环境情况出发提出相应保护与管
理措施。 
在此背景下，本研究结合国内外文献调研、比较分析及案例分析等研究方法，
梳理、归纳并比较美国、欧盟、日本、加拿大、澳大利亚以及中国海洋环境监测
进展研究。各个国家的水环境监测体系有所差异，其制定的相应监测设计亦有所
不同。各国的监测点位设计定量方法较为完善，中国海洋环境监测站位位置主要
根据历史站位与规定的监测点位布设原则进行布设，其定量的数理统计方法还处
于逐步发展、实践研究与验证阶段。 
相比各国监测点位设计方法，我国的监测点位设计以定性布设原则与方法为
主，尚存在一定的局限性。因此，本文以泉州湾为研究对象，评价其海洋环境现
状与陆源排污情况现状，提出当前的海湾环境监测站位已无法满足监测需求，综
合考虑海湾海洋水动力的迁移扩散作用和污染源分布情况，对海湾海洋环境监测
网络进行优化与完善，并提出一定的监测网络优化原则。本文主要研究成果如下： 
（1）本文尝试阐述美国、欧盟、日本、加拿大、澳大利亚以及中国的海洋
环境监测工作进程及监测点位设计方法与原则，并比较国内外监测点位设计原则
与方法的异同，总结其优缺点及其对各国的不同影响。 
（2）论文基于相关统计分析方法于理论研究与实践研究相结合之思路，利
用多年泉州湾海洋环境监测参数浓度的年平均值，选取泉州湾海域为研究区域，
运用趋势分析法与 Pearson 相关系数评价泉州湾海洋环境质量现状与各海洋环境
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参数的相关性，得到泉州湾主要污染物为 DIN、DIP 以及石油类，且与陆源污染
物输入有关。结合相关研究与调查资料概述泉州湾陆源污染物排放情况，证明前
面所提到的观点。 
（3）在此工作基础上，运用富营养化指数法评价泉州湾海域营养状况，分
析泉州湾陆源污染物的输入对其海域营养状态的影响，由于大量陆源污染物输入
湾内海域呈现富营养状态；湾口水动力条件好，海水自净能力强，呈现贫营养状
态。 
（4）基于泉州湾海域富营养指数结果 E 值，运用克里金插值法评估与优化
泉州湾海洋环境监测站位网络，综合考虑海湾海洋水动力的迁移扩散作用、污染
源分布情况及其他原则，提出新的监测站位网络，提高了海洋环境监测精度，使
监测站位更具代表性，能更有效的反映海洋环境质量状况。 
（5）预测误差的平均标准差值越小，说明优化结果的监测精度越高，本文
的优化结果纵向比较显示，其预测误差的平均标准差变化幅度范围大于同类研究
的结果，其优化结果较为理想，具有一定的可靠性。另外，通过比较本文所采用
的克里金插值法与其他监测网络优化方法，论证了克里金插值法的实用性、可靠
性，且其优化结果可信。 
（6）借鉴国外重要、合理的监测点位设计与优化原则，针对克里金插值优
化监测站位网络的不足之处，试图提出海湾型监测网络优化原则，以提高该方法
的适宜性与精确性。 
 
关键词：海洋环境监测；海洋环境监测网络评价；海洋环境监测网络优化；克里
金插值；泉州湾 
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ABSTRACT 
As a type of the most significant marine ecosystem, the gulf ecosystem is always 
considered its unique ecological environment and great value of all kinds of resources 
among marine ecosystems. Moreover, respect to the superior natural conditions, 
location conditions and countless resources surrounding the coastal city, which has a 
highly developed social economic as well as a rapidly increased population density. 
However, the gulf, a semi enclosed sea, is limited by its water exchange ability and 
self-purification ability, while easily affected by the sedimentation of water flow and 
effect of input of land-based pollutants, the ecological environment comes out in 
fragility. Therefore, marine environmental monitoring based on accurate to the 
implementation of environmental supervision and management has emerged on the 
international agenda as a critical issue. 
Our national environmental monitoring works are facing a lot of problems. The 
main problems are undefined monitoring reasons and little or no environmental 
information and irrelevant monitoring plans. This therefore shows that the marine 
environmental monitoring cannot be linked up with the evaluations and the existing 
monitoring data cannot well reflect the current state of the marine environmental. It 
also indicates that the environmental monitoring cannot meet the services of the 
people at all levels of government and the public. For these reasons protection and 
management measures cannot be put forward by policy makers who intend to solve 
this issue. 
The studies of marine environmental monitoring in United States, European 
Union, Japan, Canada and China are introduced and compared with each other based 
on the methods of reference research, comparative analysis and case study. The 
marine environmental monitoring systems and their corresponding monitoring designs 
are different in each country. Quantitative methods of monitoring design in each 
country are close to perfection, but in China, the marine environmental monitoring 
sites are determined according to history sites and designing principles of 
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specification. 
Compared with other countries above, the monitoring designs are mainly based on 
qualitative principles and methods, which have some shortcoming. Therefore, based 
on Quanzhou Bay practice, the methods of related statistical analysis are employed to 
assess the statuses of marine environmental and land-based pollutant discharged, 
which concludes that the status of the marine environmental cannot be reflected by 
the existing monitoring network. Therefore, based on the diffusion effect of the 
marine hydrodynamic and the pollution level, the monitoring network is optimized 
using the method of geostatistical analysis. The main achievements are summarized as 
follows: 
(1) The research of international and national marine monitoring works and their 
monitoring designs is generally elaborated. The relative merits and effects of their 
principals and methods are summarized by analyzing their differences and 
similarities. 
(2) Based on related methods of statistical analysis, the integration of 
theory-practice and Quanzhou Bay practice, the approaches of trend analysis and 
Pearson correlation coefficient are employed to evaluate the marine environmental 
status and their relativities between the environmental elements, concluding that the 
main pollutants in Quanzhou Bay are DIN、DIP and petroleum hydrocarbons which 
are related to the input of land-based pollutant. Then the viewpoints mentioned 
previously are proven by the discharged status of land-based pollutants based on 
related researches and census on pollution. 
(3) The method of eutrophication index is employed to assess the trophic status of 
sea area in Quanzhou Bay. It reaches a conclusion that the inner bay belongs to 
eutrophication status due to the input of land-based pollutant in quantity, the outer bay 
belongs to the oligotrophic status with strong capacity of water exchange and 
self-cleaning system 
(4) Based on the result of the assessment above, the diffusion effect of the marine 
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hydrodynamic and the pollution level, more representative monitoring sites and new 
monitoring network are proposed using the method of Kriging Interpolation, which 
are able to reflect the marine environmental quality in more effective way. 
(5) The effect of the optimization of monitoring network is better when the 
average standard deviation of estimating error increases. The optimization of the 
monitoring network in Quanzhou Bay is compared with other research in other sea 
area, which is proved that the methods and results in this thesis are practicable and 
reliable in practice. 
(6) In order to improve the suitability and accuracy of the Kriging Interpolation 
method against the deficits of the method in the application of optimization, the 
principles of optimization of monitoring network in bay are proposed by referring to 
the significant principles and methods of international monitoring designs. 
 
Keywords: marine environmental monitoring; assessment; optimization; Kriging 
Interpolation; Quanzhou Bay 
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缩略词表 
NRC: 美国国家研究委员会（National Research Council） 
USEPA: 美国环境保护署（United States Environmental Protection Agency） 
NOAA: 美国国家海洋与大气局（National Oceanic and Atmospheric Administration） 
NSF: 美国国家科学基金会（National Science Foundation） 
MADB: 墨累——达令河流域管理局（Murray-Darling Basin Authority） 
SNTO: 序贯数论优化法（Sequential Number-theoretic Optimization） 
PCC: 皮尔逊相关系数分析（Pearson Correlation Coefficient） 
SEQI: 海水环境质量指数（Seawater Environmental Quality Index） 
CWA: 《清洁水法》（Clean Water Act） 
SDWA: 《安全饮用水法》（Safe Drinking Water Act） 
NEP: 《全国河口计划》（National Estuary Program） 
NERR: 《全国河口研究保护系统》（National Estuarine Research Reserve） 
EMAP: 《环境监测与评价项目》（Environmental Monitoring & Assessment Program） 
BEACH: 《海滩评价和海岸带健康项目》（Beaches Environmental Assessment and 
Coastal Health） 
NS & T: 《全国现状与趋势项目》（COAST's National Status & Trends） 
IOOS: 《海洋观测集成系统》（Integrated Ocean Observing System） 
CWPPRA: 《沿岸湿地规划、保护和恢复法》（Coastal Wetlands Planning, Protection 
and Restoration Act） 
OOI: 《海洋观测站倡议计划》（Ocean Observatories Initiative） 
BWMP: 《基本水质监测方案》（Basic Water Monitoring Program） 
OSPAR: 《奥斯陆-巴黎协议》（Oslo-Paris Convention for the Protection of the 
North-east Atlantic） 
JAMP: 《联合评价与监测项目》（Joint Assessment and Monitoring Program） 
RIDD: 《河流和直排口监测》（Riverine Inputs and Direct Discharge） 
WFD: 《欧盟水框架指令》（Water Framework Directive） 
MSFD: 《欧盟海洋战略框架指令》（Marine Strategy Framework Directive） 
NOWPAP: 《西北太平洋行动计划》（Northwest Pacific Action Plan） 
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UNCOLS: 《联合国海洋法公约》（United Nations Convention on the Law of the Sea） 
MARPOL: 《防止船舶污染国际公约》（Marine Pollution Treaty） 
AMAP: 《北极监测和评价计划》（Arctic Monitoring and Assessment Programme）
NPRI: 《全国污染排放与转移登记的污染排放清单》（National Pollutant Release 
Inventory） 
EMAN: 生态监测与评价网（Ecological Monitoring and Assessment Network）
AZMP: 《大西洋监测项目》（Atlantic Zone Monitoring Program） 
HOTO: 《海洋健康倡议》（Health of the Oceans Initiatives） 
CRIEMP: 《哥伦比亚河综合环境监测计划》（Columbia River Integrated 
Environmental Monitoring Program） 
NWQMS: 《国家水质管理策略》（National Water Quality Management Strategy） 
NPI NEPM: 《全国污染排放清单与国家环境保护措施》（National Pollutant 
Inventory and National Environment Protection Measure） 
The Trust: 《自然遗产托管会》（The Natural Heritage Trust） 
NAP: 《盐度和水质质量计划》（The National Action Plan for Salinity and Water 
Quality） 
CCI: 《近岸流域倡议》（Coastal Catchments Initiative） 
Reef Plan: 《礁区水质保护计划》（Reef Water Quality Protection Plan） 
NLWRA: 《国家土地与水资源核查计划》（National Land and Water Resources 
Audit） 
NRHP: 《国家流域健康计划》（National River Health Program） 
CSRA: 《海岸带可持续流域监测计划》（Coastal Sustainable Rivers Audit） 
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